with cerebrovascular disease. As anticoagulants are ineffective and probably increase the risk of cerebral haemorrhage, it is suggested that vigorous hypotensive therapy might be employed more extensively in this situation.
The results of this trial show no evidence of a protective influence of anticoagulants against further strokes, so that in this particular context the problem of hazards and complications of treatment ceases to be relevant. However, as there are particular situations in which it may be desirable to use anticoagulant drugs in patients with cerebrovascular disease, the question remains one of some importance. In this particular series, as stated above, there were five fatal cerebrovascular accidents in the high-dosage group as against one in the low-dosage group. It is known that three of those in the high-dosage group were due to cerebral haemorrhage, but the exact pathological nature of the other three is unfortunately not known. While it is not possible to make a valid statistical assessment of the hazard of cerebral haemorrhage in patients with cerebrovascular disease who are treated with anticoagulants, there can be no doubt about its existence, and a small but appreciable incidence is to be found in most of the trials published. The trials most closely resembling the present one are those of the National Institutes of Health and the Veterans Administration in the United States, described together by Baker (1960) . Among 133 treated patients, who were followed up on average for approximately 12 months, there were six fatal cases of cerebral haemorrhage; in addition there were four other fatal haemorrhages from other sites. It was felt that the treatment had provided no protection from recurrent cerebral infarction, although the number of patients experiencing transient ischaemic attacks and extracerebral thrombo-embolic episodes was thought to have been reduced. In their recent account of the surgical treatment of internal carotid stenosis Edwards and Gordon (1962) mentioned the deaths from cerebral haemorrhage of five patients who were on anticoagulant therapy. Such figures are fairly representative of the large number of clinical studies in which this complication has been encountered.
We would ourselves conclude that the use of anticoagulants in patients who have suffered a stroke is attended by a small but definite risk of cerebral haemorrhage; that this risk is not counterbalanced by adequate protection against the occurrence of further strokes; and that these drugs are therefore not to be recommended in chronic cerebrovascular disease except in the particular case of patients at risk of cerebral embolism or suffering from frequently recurring transient ischaemic attacks.
Summary
The final results of a controlled trial of long-term anticoagulant therapy in patients with cerebrovascular disease are presented. The trial has run over a period of four years and has included 66 In lung disease and in heart disease there may be marked changes in the distribution of gas and blood in the lungs. These changes can be of diagnostic importance and can cause widespread change in bodily function. Often they can be detected by clinical examination with the help of radiography. But these methods alone are no substitute for more exact measurements, and they may be misleading and fail to detect gross changes in local blood or gas distribution. If the more complicated radiographic procedures (such as fluoroscopy, densitometry, tomography, and angiography) are used then these changes in distribution to different regions of the lungs can be detected more precisely, but the methods do not give a truly quantitative measure of local blood or gas flow. The development of bronchospirometry with the Carlens catheter allowed the comparative ventilation and blood flow to the two lungs to be measured. Butwith the exception of using a triple-lumened catheter for isolating the right upper lobe (Mattson and Carlens, 1955) -no information about smaller units than a whole lung can be obtained, and unless the technique is in very skilled hands it is liable to error and can be distressing for the patient. By using a mass spectrometer for continuous gas analysis and with special sampling techniques during bronchoscopy, the ventilation to all the different lobes of the lung can be measured and some idea of their individual ventilation and blood-flow balance found The use of radioactive gases has made the study of regional lung function much easier. Radioactive 133Xe was the first gas to be used (Knipping et al., 1957) , but at that time it was used only to give approximate measurements of local ventilation and so was of limited value. For the past four years radioactive 10O2 has been used at Hammersmith Hospital (Dyson et al., The main disadvantage of '5O2 is its very short half-life of two minutes, which means that patients have to be investigated in a room adjacent to the cyclotron.
Recently the use of 133Xe has been developed (Ball et al., 1962) so that both ventilation and blood flow can be compared in different regions of the lungs. Since 133Xe is produced in a nuclear pile and has a half-life of five days it is generally available, unlike 1502. We have compared the usefulness of radioactive oxygen and xenon for the study of changes in regional ventilation and blood flow in various diseases, and give some examples here. We found xenon of particular value in studying patients who had poorly ventilated regions in their lungs, to be a substitute for 'O2 for most clinical purposes, but not to be as versatile as 1502 for some research requirements.
Methods.-These were essentially the same as those described by Ball et al. (1962) , but we have modified the counting procedure -so as to obtain better-defined counting-fields, and have extended the information derived about local ventilation.
Handling the Isotope Xenon-133 was delivered from the radiochemical centre every two weeks in an ampoule containing several hundred millicuries of 133Xe under low pressure. The ampoule was of about 6-ml. volume and had at one end a tube with a break seal.
The ampoule was connected to a glass tonometer of 100 ml. capacity which was shielded with lead. A mercury reservoir was connected to the lower tap of the tonometer and a mirror allowed the mercury level inside the lead shield to be seen through a slit. To decant the '33Xe into the tonometer the whole system was pumped down to 0.1 mm. pressure, using a rotary oil pump connected to a side fitting with a tap. The seal was broken, using a rod already positioned in the connecting tube, and some of the 133Xe passed out of the ampoule into the tonometer. The tonometer was closed and pure CO2 introduced into the ampoule and its connexions through a side arm.
The very low pressure in the tonometer was then used to draw the CO2 and more xenon into the tonometer. This manceuvre could be repeated several times until the system reached atmospheric pressure and about 90% of the '33Xe was in the tonometer.
When required the mercury reservoir was used to expel aliquots of gas into a 5-ml. glass syringe fitted with a tap. The amount of 133Xe in the syringc was measured in a re-entrant ionization chamber. At other times the xenon was stored below atmospheric pressure to reduce the risk of a leak of highly radioactive gas. The final tonometer mixture contained 5-8 mc. of 133Xe per ml. of CO2 and retained a usable radioactivity for about two weeks.
Xenon was prepared for injection by filling a sterile 50-ml. Luer lock syringe with saline and injecting 1-2 ml. of the gas mixture through the nozzle to displace an equal volume of saline. The syringe was closed with a tap and was shaken until most of the CO2 had dissolved, thus forcing the 133Xe into solution, since its partial pressure in the contracted bubble is large relative to the water. This stock solution was dispensed into other syringes as needed.
Counting Xenon-133 decays with the emission of x rays of 30 KeV and gamma-rays of 80 KeV energy, in contrast to the much more penetrating annihilation gammaradiation of 1-02, which has an energy of 510 KeV. The bias on amplifiers was set to cut out the 30 KeV x rays of 133Xe and some of the scattered radiation so that the 80 KeV radiation was used for counting.
Two pairs of 1{-in. (3.8-cm.)-diameter by 1-in. (2.5-cm.)-thick crystal scintillation counters were used arranged in front of and behind each lung like the arrangement already described for '5O. (Dyson et al., 1960 added to achieve a concentration of about 1.5 mc. per litre in the machine. The gas was inhaled first as a single normal breath, then as a deep breath, and then rebreathed until a steady level of radioactivity had been reached in the lungs. Counting rates of 1,000-3,000 counts a second were obtained using the conical collimators. At the end of this equilibration period the patient breathed room air and the rate of washout of '33Xe from different regions was observed.
For regional blood-flow comparisons, 5-10 ml. of saline containing 0.3-1 mc. of dissolved 133Xe was injected rapidly through a P.E.60 "polythene" catheter inserted percutaneously and passed into the axillary vein or superior vena cava. The injected "3Xe appeared in the lung rapidly and the patient then held his breath until a steady level of radioactivity had been reached. Central injection through the polythene catheter ensured that all the xenon arrived in the lung within a few seconds, and even severely breathless patients were able to hold their breath for the short time needed. Injection directly into a forearm vein led to a very slow arrival in patients with cor pulmonale on the border of heart failure, and such patients were unable to hold their breath long enough for the xenon concentration in the lungs to reach a plateau. The rate of washout of the blood-borne xenon from the relevant lung regions Fia. 2.-Arrangement of apparatus for using xenon. The subject chair with the pairs of counters arranged over the right and lei closed-circuit spirometer with a built-in monitor faces the during normal air-breathing was also recorded as a measure of the ventilation of the perfused alveolae. The arrangement of the closed-circuit spirometer and the counters is shown in Fig. 2 .
Radiation Dose The radiation dose for a two-minute period of rebreathing with a concentration of xenon of 1 mc./litre in the lungs is about 70 millirads to the lung, 18-22 millirads to fat, and 4-8 millirads to the gonads Matthews et al., 1962) . For A more detailed discussion of factors influencing the washout will be given in a later paper. The washout plots for the rebreathing period in Fig. 3 are shown in Fig. 4 , the reverse of the normal distribution. In the present investigation a series of six patients with mitral stenosis have been studied with both carbon dioxide and xenon. Five of these patients had severe mitral stenosis with pulmonary blood flow, followed by an upward hump on the curve caused by blood-borne radioactivity re-entering the counting-field is diagnostic of a shunt. Xenon, being relatively insoluble, does not enter the blood rapidly in this way and so it gives no information about the presence of a left-to-right cardiac shunt, although with arterial sampling it could be used like 85"Kr or 3H to measure right-to-left shunts (Fritts et al., 1959; Long et al., 1960; Lassen et al., 1961) . Xenon can still be used in a patient with a left-to-right shunt to compare the relative flow through the upper and lower zones. When the total pulmonary blood flow is high, as it is with a patient who has a large left-to-right shunt, the normal difference Large Lung Bulla.-This patient, a man aged 54, had a large lung bulla at the base of the right lung (Fig. 7) . Surgical removal was being considered and the function of both the bullous area and the other apparently normal area was studied.
The traces shown in Fig. 8 from the right lower zone was very slow, showing that the blood flow through that area was to very badly ventilated alveolae. The xenon results can be contrasted with measurements made with C1502 in the same region (Fig. 11 ). Blood passing through such badly ventilated alveolae would be unable to participate in normal gas exchange because of the low ventilation perfusion ratio.
Primary Emphysena.-
The patient, a woman aged 48, was breathless on the slightest exertion but had no history of severe bronchitis.
She had at times been thought to be hysterical because the chest radiograph (Fig. 12) showed little abnormality. The 133Xe traces from the two upper and lower zones (Fig. 13) showed that only the left upper zone had-a normal ventilation (half-washout 23 seconds); all the other zones had very poor ventilation with prolonged washout times (Fig. 14) . The results now given are based on 1,1 14 womanmonths, made up as shown in Table II Of the volunteers, 47.5% had not sought contraceptive advice at a family planning clinic before. Either they had not wished to limit their families previously or, more probably, they rejected the idea of conventional mechanical methods. Some, though not wanting to have another child, had either disliked or been casual with mechanical methods, and consequently had a high failure rate.
